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Abstract: Global Positioning System (GPS) /Inertial Navigation System (INS) integrated system is 
continuously gaining research interests in many positioning and navigation fields. Kalman filtering-based 
integrated algorithm has some drawbacks on stability, computation load, robustness, and system observability 
performances. Based on neural network technology, a new GPS/INS integration filtering algorithm is studied for 
an integration scheme of the attitude determination GPS/INS integrated navigation system. Through some 
theoretic analysis, this algorithm not only has good estimation performance, but also has better robustness to the 
system model and noise than the traditional Kalman algorithm. To assess the performance of the proposed 
integrated model more deeply, some simulation is done to compare with the traditional Kalman filter model. 
The results indicate that the proposed model provides a significant improvement in some performance, such as 
accuracy, stability, robustness, and so on.  
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233-238. 
摘  要：基于GPS和惯性技术的组合导航系统是近年来导航系统的研究热点和主要发展方向。目前
基于卡尔曼滤波方法的算法在稳定性、计算量、算法鲁棒性以及系统可观测性等方面仍然存在问题。
基于神经网络技术研究了一种新的GPS/INS组合定姿自适应卡尔曼滤波方法，理论分析表明，该方
法不但对姿态信息具有较好的估计性能，而且对系统模型的精确性、噪声特性具备良好的鲁棒性。
最后，利用模拟数据对所研究算法进行了分析计算，与传统的卡尔曼滤波方法进行了比较、分析，
结果表明所设计组合算法在精度、稳定性以及鲁棒性等方面较传统卡尔曼方法具有良好的特性。 
关键词：神经网络；GPS/INS；卡尔曼滤波；姿态确定 
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Global Positioning System (GPS) and Inertial 
Navigation System (INS) integrated navigation 
system is being given much attention in the past few 
years, it is widely used in several positioning and 
navigation fields. Both of such two systems have 
their unique features and shortcomings. Their 
integration offers systems that overcome each of 
their drawbacks and maximize each of their 
benefits. As is well known, Kalman filtering theory 
is one of the best methods for incorporating of INS 
with GPS[1-3]. But it has also some drawbacks in 
terms of stability, computation load, immunity to 
noise effects, observability, and so on. Specially, 
Kalman filters perform adequately only under 
certain predefined dynamic models.  
Neuron computing, one of the technologies of 
Artificial Neural Network (ANN), is a useful tool for 
solving nonlinear problems that involve mapping 
input data to output data without having any prior 
knowledge about the mathematical process involved. 
It is also suitable to be used for integrating GPS and 
INS. In this paper, a new adaptive Kalman filtering 
based on Back Propagation Neural Network (BPNN) 
is studied, which is used for integration between 
GPS and INS data. When GPS information exists, 
the integrated model is established and its internal 
Received date: 2005-05-25；Revision received date: 2005-11-12
Foundation item: National Natural Science Foundation of China (10402034) 
                                    YUE Xiao-kui, YUAN Jian-ping                                           CJA ·234·
structure is tuned to mimic the present vehicle 
dynamics. During periods of GPS signal blockage, 
the studied algorithm works in the prediction mode 
to estimate the position changes based on the INS 
velocity and azimuth information. Finally, to assess 
the performance of the proposed algorithm, the 
performance of the proposed algorithm is compared 
with the traditional Kalman filter model. The 
simulation results show that the performance of the 
BPNN-based adaptive Kalman filter is better than 
that of the normal adaptive Kalman filter for such 
integrated navigation system. 
1 Neural Network-based Adaptive Kalman 
Filtering 
For INS/GPS integration, Kalman filter 
represents one of the best methods certainly, but it 
still has some drawbacks, e.g., while the system input 
data does not fit the system model, the filter will not 
result in the perfect estimates[2,4]. On the other hand, 
its states observability is also a key problem[5]. If the 
unobserved process is not stable, the corresponding 
estimation errors of Kalman filter will be similarly 
unstable[2,5]. As the representative nonalgorithmic 
method, neural network approach has also some 
shortcomings: the implementation depends on the 
artificial experience excessively; its estimation 
accuracy is not so ideal[6]. This is why a new neural 
network-based adaptive Kalman filtering algorithm 
will be studied for INS/GPS integration in this paper. 
In fact, some research adopted the approach of 
incorporating a neural network into the traditional 
Kalman filter has be introduced[1,6]. In this paper, in 
order to enhance the adaptive capability, one of 
BPNN-based adaptive Kalman filter is proposed. 
1.1  Neural network-based adaptive Kalman 
filtering 
The basic concept of the proposed adaptive 
filtering approach is given in Fig.1, and a BPNN is 
used to aid the adaptive Kalman filter for reducing 
the estimation error because of other imperfections, 
highly manoeuvring, model varying, and so on. The 
following scheme combines the estimation 
capability of the adaptive Kalman filter and the 
learning capability of the BPNN. The implement- 
ation of BPNN aided adaptive Kalman filter has 
three stages, namely, (1) architecture; (2) training 
and testing; (3) recall[5]. Such BPNN is trained to 
learn the errors characteristics in navigation system 
off line. So, the complex modeling requirement in 
the Kalman filter is reduced through the using of 
such BPNN, because errors in navigation system are 
eliminated during the recall stage. 
 
 
 
 
 
 
 
 
The back propagation Neural network, which is 
used in GPS/INS attitude determination system, can 
be summarized in three steps. The first step is to 
propagate the filter output forward through the 
network. The next step is to calculate the output 
error and back propagate such error to the 
calculation of sensitivities. Finally, the weights and 
biases of neural network will be updated, based on 
the calculated sensitivities. The third step is repeated 
until the error reaches a minimum; hence, the 
calculated weights of the connections would 
represent the solution network. The detailed process 
can looked up in the Ref.[2]. 
1.2  Adaptive Kalman filtering algorithm 
The principle of the adaptive Kalman filter in 
this integrated attitude determination system is to 
make the Kalman filter residuals consistent with 
their theoretical covariances[4]. The covariance 
estimate of the innovation residual is obtained by 
averaging the previous residual sequence in a whole 
window length N, 
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residual of of the Kalman filter. The estimated 
measurement noise is computed by comparing the 
Fig.1  Block diagram of BPNN-based adaptive Kalman filter
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theoretical covariance with the estimated covariance, 
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The estimated system noise can also be 
obtained, 
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2 GPS/INS Integrated Attitude Determina- 
tion System 
2.1  Integrated system scheme  
An AGPS (Attitude Global Positioning System) 
receiver has several antennas, which can provide not 
only the position, the velocity and the attitude 
information, but also the PR (Pseudo Range), the 
PRR (Pseudo Range Rate) and the carrier phase 
information. The following four combination 
methods can be considered for integrating AGPS 
with INS: position, velocity and attitude integration; 
position, velocity and carrier phase information 
integration; PR, PRR and attitude integration; PR, 
PRR and carrier phase information integration. In 
this paper, the position, the velocity and the attitude 
information are used to integrate in the integration 
system. The proposed integration scheme is shown 
in Fig.2. 
2.2  Integrated system error equations 
To implement the integration Kalman filter 
requires mathematical models for the INS error. 
Several INS error models have been developed[6-8]. 
In this integrated system, the following ψ  angle  
 
error model is applied, 
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where n,n,n δδ, and Pψ V are the attitude, velocity 
and position errors in local frame (NED) 
respectively, b∇  is the accelerometer error, bε is the 
gyroscope error. 
    Eq.(4) can be described with state space 
equation, it is the system equations of the adaptive 
filter, 
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where nx  is navigation error state vector, sx  is 
the sensor state error vector.  
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Fig.2  Scheme of integrated system 
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On the other hand, the measurement equations 
can also be described as 
         )11(,2,1,0, "=+= kkkkk VxHz  
The measurement vector includes the difference 
between the measurements of GPS and INS, the last 
three elements in this vector are three Eular angle 
errors, in this paper, INS attitude errors are defined 
as rotation vector errors. 
    The measurement matrix H is defined as 
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and in this matrix, these non-zero elements represent 
the relationships between the attitude measurements 
with the attitude errors. Where θ  and ψ  are the 
pitch angle and the yaw angle estimated by the 
integration system respectively. 
3  Integrated System Simulation Analysis 
In order to analyze the correlative algorithm of 
the proposed GPS/INS integrated attitude 
determination system, in this section, some 
simulation analysis is given through comparing a 
normal adaptive filter with the BPNN-based 
adaptive Kalman filter. 
During the simulation process, the spacecraft 
typical flight is horizontal, flying to the east direction. 
Its starting position is latitude 30°N and longitude 120
° E. The initial simulation conditions, the errors 
characteristics of INS and GPS are given in Ref.[6]. 
The estimation performance of the normal 
adaptive Kalman filter and the BPNN-based adaptive 
Kalman filter are compared in Fig.3-Fig.11. For 
avoiding the influence of filter initial conditions, the 
BPNN-based adaptive Kalman filter algorithm is 
started-up after 100 s from the beginning of the 
simulation. Both the adaptive Kalman filter errors 
and BPNN filtering errors are evaluated as the 
difference between the true flying trajectory states 
and the state estimation evaluated by the correlative 
filter. It can be seen that the errors of BPNN-based 
adaptive Kalamn filtering are smaller than those of 
normal adaptive Kalman filter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4  Errors of east position 
Fig.5  Errors of down position 
Fig.6  Errors of north velocity 
Fig.3  Errors of north position 
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4  Conclusions 
A BPNN algorithm is used in the adaptive Kalman 
filtering for GPS/INS integration with attitude 
determination. The inaccuracies in the estimation are 
corrected by the BPNN. Based on such BPNN, the 
complex modeling requirement in the classical Kalman 
filter for integrated navigation system is eliminated. 
The estimation accuracy improvement due to the 
proposed system frame is analyzed through some 
simulations. It can be concluded that the proposed 
method is more superior than that the conventional 
Kalman filtering approach for GPS/INS attitude 
determination integration. 
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Fig.9  Errors of north attitude (Roll) 
Fig.10  Errors of east attitude (Pitch) 
Fig.7  Errors of east velocity 
Fig.11  Errors of down attitude (Yaw) 
Fig.8  Errors of down velocity 
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